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Successional Features and Dynamic Simulation of Sub-alpine Forest
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CHENG Gen-Wei, LUO .]1 (Institute of Mountain Hazards &. Environment, Chinese Academy of Sciences.,
Chengdu 610041,China). Acta Ecologica Sinica,2002,22(7):1049~1056.

Abstract: The Gongga Mountain of eastern Tibet Plateau is representative of the alpine region with high
peak and deep valleys. Climate change over the last thousand of years had controlled the dynamics of
glacier and debris-flow bursting, which resulted in substantial changes in the mountainous environment.
We surveyed community structure of primary forests in Gongga mountain and forest successional processes
in wood plots. The changing features in sub-alpine environment are discussed in this paper. Tree species
and size between glacial shrinking area and debris-flow fan in Hailuogou valley are compared. The pioneer
species that settle in debris-flow fan and glacial shrinking area are Salix spp. and Populus purdomii. Abies
Jfabri and Picea brachytyla are the climax tree species, respectively. The primary vegetation successional
process in Hailuogou (2700~3200m) can be divided into four stages:

Slash surface (20~ 200a)— Salix-Populus seeding community (10~ 30a) —> Populus-Salix sapling
community (30~100a)—>Populus-Abies mixed community (50~100a)—>Abies-Picea climax.

In a natural and undisturbed environment,trees compete for light,water and nutrients,and therefore,
only very few trees grow up and mature through spreading, seeding or sprouting. Disaster disturbances in
mountain is an very important driving factor for regeneration of woody plants. Repeated destruction of
forest by glacial movement or debris flow generated additional forest gaps that allow young plants to
grows. In this study the Gongga Forest Succession Model (GFSM) was developed for simulation of forest
community successional processes in different scale in Gongga Mountain. The GFSM is a modified version
from the Newcop Model that had been used in Northeastern China. A soil succession module was added in
to the GFSM model to simulate soil formation and chemical element change of woodland. In order to
represent major features of forests in Southwestern China, many field works have been done to identify

ecological parameters of various trees in the sub-alpine region.
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In GFSM, the regeneration module simulates tree seeding in patch, spreading over patch, shouts
sprouting and theirs growing up to young tree of each species. The growth module simulates stem
increasing of individual tree under its environment. The death module simulates random death of young
trees, low-growth death of mature tree in a competitive environment, and natural death of old trees. The
environment module determines stochastic change of weather and eco-environment parameters such as
mean monthly air temperature, precipitation, dry period. evaporation and soil water. The simulation
result of these modules can be affected by environment disturbance that is modeled throuh random rainfall-
temperature processes generation. Other parameters relative to forest status are described by the canopy
module that estimates canopy height, leave growth and distribution, leave hanging and falling time, and
wood biomass. The soil module simulates accumulation, decay and mineralization of forest litterfall, and
computes changes in soil chemical elements due to humus accumulation and rainfall scouring. The GFSM is
run at monthly time step.

On the basis of simulation of tree’s life history, the GFSM combined forest succession with soil
change in both material components and nutrition content. The Monte-Carlo method was applied to
simulate random weather fluctuation and the uncertainty of tree death.

These modeled processes agreed with the field investigation results in this region. The elevation
distribution of different tree species was also simulated; and the results are consistent with field
observation of ecological features of tree species. The modeling approach reflects well the succession
dynamics of primary forests in Southwestern China. These results are very useful for improving the
management polices and prediction technology for restoration and conservation of primary forests in
Southwestern China.
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Fig. 1 The structure of the forest succession model of
Gongga mountain
1. Model parameters 2. Canopy module 3. Climate
simulate 4. Tree generate 5. Tree growth 6. Tree

mortality 7. Soil succession 8. Disturbance module



998

22
s s ( .
N ) o s DBH
. Dp-H
(dD . Dmax + Hmax
|G Jor =6 Dy T 3260 + 36,0 — 46,1
FE(Es) s
= Feko - ()]
G NI s o
( ) ( ),
G s s
o s
G, G C 1.
1
Table 1 Growth parameters for dominant trees of western Sichuan Province
Species Abies Abie.s: . A/)I-L.’.V Abies Picea Picea P.icea. Pinus . Pinus Bez.n.la P()/.)zz.lus Cyclob»—
georg. Jfabri faxoniana  squamata  rachytyla  rachytyla balfourian armandii densata  utilis  davidiana alnopsis
G 139.3 120.3 104. 6 101. 6 102. 8 123.4
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Fig. 2 The modelled forest succession on glacial shrinkaging slash land
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Table 2 The modelled distribution of dominant tree species for different elevation
Elevation(m)
No. of species 1800m 2200m 2600m 3000m 3400m 3800m 4200m
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Fig. 4 Succession process of broad-coniferous leave woods (Betula and Pine) in 2800m
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Fig. 5 Succession process of coniferous leaf woods (Abies fabri) in 3000m
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